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Description 

LOCKOUT MECHANISM FOR A 
SUSPENSION SYSTEM 

Background of Invention 

[0001] The present invention relates to suspension systems and 
more particularly to a simplified lockout device for a sus- 
pension system that includes an adjustable "blow-off" 
mechanism. The present invention also relates to a sim- 
plified flow restrictive device for a suspension system that 
includes an adjustable pressure relief mechanism. 

[0002] Suspension systems, typically used on handlebar-steered 
vehicles such as bicycles and motorcycles, are designed to 
absorb the impacts and vibrations typically experienced 
by riders when the bicycle traverses irregularities on the 
riding surface. Suspension systems may be positioned in 
or proximate to the front and rear forks, seat tube, head 
tube, and other bicycle frame locations to insulate the 
rider from vibrations and impacts. Suspension perfor- 
mance may be affected by various factors such as rider 



weight, rider sl<ill and terrain conditions. One particular 
factor that may affect suspension performance is rider in- 
duced, namely, the pedaling force exerted by the rider on 
the frame of the bicycle. The pedaling action of the rider 
loads the suspension, resulting in up and down bobbing 
motion of the bicycle. On rough terrain, some bobbing 
motion is an acceptable side effect of a fully active sus- 
pension capable of absorbing large bumps. Generally 
however, on smooth terrain, this motion dissipates the 
rider's energy, energy that could be used to propel the bi- 
cycle forward. 

[0003] To solve this problem, bicycle suspension systems have 
been designed with a device that allows the suspension to 
be turned on or off. When the suspension is on, it is active 
and displaces in response to bumps in the road. When the 
suspension is off or "locked out", it becomes substantially 
rigid and does not displace in response to road irregulari- 
ties. In a suspension system that is hydraulically damp- 
ened, the suspension typically includes a pair of telescop- 
ically arranged cylinders, a compression piston, a valve 
mechanism that defines two fluid chambers and a lockout 
mechanism manually operable by the rider between closed 
and open positions to control fluid flow between the two 



chambers. Generally, the suspension dampens or slows 
down the speed of the fork in response to an applied load 
as the fluid is forced across the valve mechanism through 
a restrictive orifice. The size of the orifice determines the 
amount of damping that will occur. To completely restrict 
the flow of the fluid, the valve mechanism may be closed 
to cover the orifice and the fork becomes substantially 
rigid or locked out. 
[0004] One problem associated with prior art lockout mecha- 
nisms is that damage may occur to the system while in the 
lockout mode under a large jarring compression load. To 
prevent such damage, a blow-off mechanism may be pro- 
vided to relieve the pressure on the suspension when an 
applied force reaches a critical level. Usually, the blow-off 
includes a valve mechanism separate from the lockout 
valve mechanism. Typically, the blow-off valve mechanism 
is biased toward a closed position by a preloaded spring 
and is opened when the fluid pressure produced by the 
compression of the lockout piston is high enough to over- 
come the force of the preloaded spring. Once the blow-off 
valve has "blown off," a lightly sprung return valve allows 
the fluid to return to the compression chamber. The blow- 
off and return valves are typically both one-way valves 



that permit flow in only one direction. There are several 
problems with this configuration including the complexity 
and higher cost of having three different valve mecha- 
nisms, including the additional parts needed to actuate 
the valves, and the need to machine three valve quality 
surfaces. 

[0005] Another problem associated with conventional blow-off 
mechanisms is the inability to adjust the blow-off force. 
For example, pedaling forces will typically be higher for a 
heavier rider than for a lighter rider requiring a higher 
blow-off setting. A blow-off force, properly set to prevent 
a heavier rider from blowing off the fork while pedaling, 
may be set too high for a lighter rider to reach blow-off 
under normal riding conditions. Therefore, there is a need 
to provide a bicycle suspension with a lockout mechanism 
that has fewer parts and an adjustable blow-off mecha- 
nism. 

Summary of Invention 

[0006] The present invention provides a bicycle suspension sys- 
tem having a simple lockout mechanism and an adjustable 
blow-off mechanism. The suspension system typically in- 
cludes an inner tube telescopically engaged with an outer 
tube along an axis. A compression piston assembly is si- 



idably mounted in the inner tube and reciprocates witiiin 
tlie inner tube upon compression and expansion of the 
inner and outer tubes. The lockout mechanism includes a 
valve mechanism and a valve actuating assembly. The 
valve mechanism may be slidably mounted in the inner 
tube and performs the functions of a lockout valve, a 
blow-off valve and a return valve. The valve mechanism 
divides the inner tube into first and second fluid cham- 
bers, and controls fluid flow between the chambers. The 
valve actuating assembly switches the valve mechanism 
between an open position in which fluid flow is permitted 
between the chambers and a closed position in which fluid 
flow between the chambers is blocked. 

[0007] The valve mechanism generally includes a valve and a 
valve seat slidably mounted in the inner tube. The valve 
seat includes at least one orifice for allowing fluid flow 
between the first and second chambers. The valve pre- 
venting fluid flow between the chambers is positionable to 
cover the orifice. A valve stem at one end of the valve is 
configured to be engageable by the valve actuating as- 
sembly to open and close the valve mechanism. 

[0008] The valve actuating assembly may include an actuator and 
a driver for permitting selection between an "off" position 



in which fluid flows between the chambers permitting the 
fork to absorb loading, and an "on" position in which the 
fluid is substantially inhibited from flowing between the 
chambers, the fork behaving substantially like a rigid fork. 
The rider operates the actuator to operatively displace the 
driver, the driver in turn switching the valve mechanism 
between its open and closed positions. 

[0009] In one embodiment the actuator may include a knob lo- 
cated at the top of the inner tube operably connected to a 
cam reciprocally displacing the driver, the knob rotatable 
by a rider to switch the lockout mechanism on and off. Al- 
ternatively, the driver may be rotatable and operatively 
connected to the valve mechanism such that upon rota- 
tion of the driver the valve mechanism may be opened and 
closed depending on the direction of rotation. 

[0010] The blow-off mechanism includes a resilient member dis- 
posed between the valve mechanism and one end of the 
inner tube and configured to be deformable by the valve 
mechanism as the valve mechanism is slidably displaced 
by an increasing pressure in the first chamber. At the 
blow-off pressure, the valve collides against the driver, 
switching the valve mechanism open to permit fluid flow 
into the second chamber. 



[001 1] jhe blow-off pressure at which the valve mechanism 

opens may be adjusted by the rider. The stiffness of the 
resilient member, as it is compressed to close the gap be- 
tween the valve mechanism and the driver, determines the 
pressure at which the valve mechanism will blow-off. The 
distance between the valve mechanism and the driver may 
be adjusted by a setscrew located at an end of the driver 
opposite the end that engages the valve mechanism. The 
setscrew may be rotated to move the driver toward or 
away from the valve mechanism, thereby adjusting the 
blow-off pressure. 

[0012] In other embodiments of the present invention including 
flow restrictive mechanisms instead of lockout mecha- 
nism, the valve mechanism need not be fully closed to the 
lockout position. Instead, flow across the valve mecha- 
nism may be further restricted under increasing pressure, 
but remains partially open until a desired threshold pres- 
sure is reached, at which time the valve mechanism col- 
lides against the valve actuating assembly resulting in 
pressure relief back to a more open valve position. 

[0013] In yet further embodiments of the present invention, the 
lockout and flow restrictive mechanisms may alternatively 
be housed in the compression piston assembly itself or 



within a reservoir housing separate from, but in fluid 
communication with, the tube housing the compression 
piston. 

[0014] These and other features and advantages of the present 

invention will be more fully understood from the following 

description of certain embodiments of the invention, 

taken together with the accompanying drawings. 
Brief Description of Drawings 

[0015] In the drawings: 

[0016] FIG. 1 is a cross-sectional view of the suspension system 

of the present invention, showing in particular, the valve 

mechanism housed in the piston tube; 
[0017] FIG. 2a is a cross-sectional view of the suspension system 

of FIG. 1, showing in particular, the valve mechanism in a 

closed position; 

[0018] FIG. 2b is a cross-sectional view of the suspension system 
of FIG. 1, showing in particular, the valve mechanism in a 
open position; 

[0019] FIGS. 3a - 3d are cross-sectional views of the suspension 
system of FIG. 1, showing in particular, a sequence of 
valve mechanism positions for a lockout mechanism in- 
cluding a valve spring; 



[0020] FIGS. 4a - 4d are cross-sectional views of another em- 
bodiment of the present invention, showing in particular, 
a sequence of valve mechanism positions for a lockout 
mechanism excluding a valve spring; 

[0021] FIGS. 5a - 5d are cross-sectional views of another em- 
bodiment of the present invention, showing in particular, 
a sequence of valve mechanism positions for a flow re- 
strictive mechanism system including a valve spring; 

[0022] FIGS. 6a - 6d are cross-sectional views of another em- 
bodiment of the present invention, showing in particular, 
a sequence of valve mechanism positions for a flow re- 
strictive mechanism system excluding a valve spring; 

[0023] FIG. 7 is a cross-sectional view of another embodiment of 
the present invention, showing in particular, the valve 
mechanism housed in a reservoir tank in fluid communi- 
cation with the piston tube; 

[0024] FIG. 8 is a cross-sectional view of another embodiment of 
the present invention, showing in particular, the valve 
mechanism housed in the piston assembly; 

[0025] FIGS. 9a - 9b are cross-sectional views of another em- 
bodiment of the present invention, showing in particular, 
the valve mechanism housed in the piston assembly of 
one leg of a front suspension fork, FIG. 9b showing a 



blow-up of detail A of FIG. 9a; 

[0026] FIG. 10 is a cross-sectional view of another embodiment 
of the present invention, similar to the embodiment of 
FIG. 8, showing in particular, a resilient member formed 
integrally with the seal; 

[0027] FIGS. 11a - lib are cross-sectional views of another em- 
bodiment of the present invention, showing in particular, 
a valve seat formed integrally with a resilient member and 
a seal; 

[0028] FIG. 12 is a front view of a bicycle suspension fork in ac- 
cordance with another embodiment of the present inven- 
tion; 

[0029] FIG. 13 is a cross-sectional view taken along line A-A of a 
leg of the suspension fork of FIG. 12 containing the 
damping mechanism; 

[0030] FIG. 14 is a partial cross-sectional view of the suspension 
fork of FIG. 13 showing a valve mechanism in an open po- 
sition; 

[0031] FIG. 15 is a partial cross-sectional view of the suspension 
fork of FIG. 13 showing the valve mechanism in a closed 
position; 

[0032] FIG. 16 is a partial cross-sectional view of the suspension 
fork of FIG. 13 showing a spring tube being compressed 



under a high compression load; 
[0033] FIG. 17 is a partial cross-sectional view of the suspension 
fork of FIG. 13 showing an driver fully extended into a 
cam; 

[0034] FIG. 18 is a partial cross-sectional view of the suspension 
fork of FIG. 13 showing an driver partially extended into 
the cam; 

[0035] FIG. 19 is a partial cross-sectional view of a lockout 
mechanism according to another embodiment of the 
present invention; 

[0036] FIG. 20 is a perspective view of a valve mechanism of the 
lockout mechanism of FIG. 19 showing the valve mecha- 
nism in an open position; 

[0037] FIG. 21 is a partial cross-sectional view of the lockout 

mechanism of FIG. 19 showing the valve mechanism in the 
open position; 

[0038] FIG. 22 is a partial cross-sectional view of the lockout 

mechanism of FIG. 19 showing the valve mechanism dur- 
ing a return stroke; and 

[0039] FIG. 23 is a partial cross-sectional view of the lockout 

mechanism of FIG. 19 showing the valve mechanism dur- 
ing blow-off. 
Detailed Description 



[0040] A suspension system 10 is sliown in FIGS. 1-3 comprising 
a lockout mechanism 12, a valve mechanism housing 14, 
and a resilient member 16. The lockout mechanism in- 
cludes a valve mechanism 18 and a valve actuating as- 
sembly 20. The valve mechanism 18 includes a valve 22 
and a valve seat 24, the valve 22 displaceable relative to 
the valve seat 24, and in turn, the valve seat 24 and the 
valve mechanism 18 slidably mounted along the valve 
mechanism housing 14. In the embodiment of FIGS. 1-3, 
the valve mechanism housing 14 forms a portion of a pis- 
ton tube 26 within which a compression piston assembly 
28 is slidably mounted. The valve mechanism 18 sepa- 
rates a first fluid chamber 30 from a second fluid chamber 
32 and controls fluid flow therebetween. The piston as- 
sembly 28 is displaceable toward the valve mechanism 18 
to increase the fluid pressure in the first chamber 30. 

[0041] The valve actuating assembly 20 further includes a driver 
34 that is displaceable relative to the valve mechanism 
housing 14 to operatively engage the valve mechanism 
18, and an actuator 36 that is operatively connected to 
the driver 34. In the embodiment of FIGS. 1 3, driver 34 
includes a screw 35 threadably displaceable relative to the 
valve mechanism housing 14, while actuator 36 includes a 



rider-adjustable knob 37 formed integrally with the driver 
34. As previously described, both the valve mechanism 18 
and the valve actuating assembly 20 are associated with 
the valve mechanism housing 14. Accordingly, the valve 
mechanism housing 14 is not limited to simply a portion 
of the piston tube 26 but, in the embodiment of FIGS. 
1-3, includes a portion of the suspension structure 27 re- 
ceiving the valve actuating assembly 20. 

[0042] The valve 22 further includes a valve head 40 and a valve 
stem 42 connected to the valve head 40, the valve head 
40 configured to sealingly engage the valve seat 24, the 
valve stem 42 configured to interface with the driver 34. 
The present invention may further include a valve spring 
44 associated with the valve stem 42 to bias the valve 22 
against the valve seat 24, and a seal 46 disposed between 
the valve seat 24 and the valve mechanism housing 14. In 
the embodiment of FIGS. 1 3, an 0-ring 47 is shown. Of 
course, various degrees of sealing between the valve head 
40 and valve seat 24, and across the seal 46 are contem- 
plated by the present invention. 

[0043] The resilient member 16 is disposed between the valve 
mechanism 18 and the valve mechanism housing 14. In 
the embodiment of FIGS. 1-3, a coil spring 17 is shown 



between the valve seat 24 and the suspension structure 
27, and is configured to be deformable by the valve 
mechanism 18 as the valve mechanism 18 is slidably dis- 
placed by an increasing pressure in the first chamber 30 
caused by motion of the piston assembly 28 toward the 
valve mechanism 18. 
[0044] jhe valve actuating assembly 20 of the embodiment of 

FIGS. 1 -3 is adjustable to switch the valve mechanism 18 
between an open position (FIG. 2b) and a closed position 
(FIG. 2a). When the valve mechanism 18 is adjusted in an 
open position, the driver 34 displaces the valve 22 away 
from engagement with the valve seat 24, working against 
the biasing force of the valve spring 44, to permit fluid 
flow between the first and second chambers 30, 32. So 
positioned, bi-directional fluid flow is permitted between 
the chambers 30, 32 in response to reciprocal displace- 
ment of the piston assembly 28 within the piston tube 26. 
When the rider wants to lockout the suspension, making it 
substantially rigid, the rider may adjust in this embodi- 
ment, rotate — the knob 37 to withdraw the driver 34 away 
from engagement with the valve stem 42 to permit the 
valve spring 44 to bias the valve head 40 into engagement 
with the valve seat 24, thereby substantially blocking fluid 



flow between the first and second chambers 30, 32. 
[0045] Looking to FIGS. 3a-3d, an operating sequence of the 
lockout mechanism 12 will be described. In FIG. 3a, the 
valve mechanism 18 is shown in a closed position, so bi- 
ased by the valve spring 44, with the resilient member 16 
shown fully extended. As the piston 28 is deflected to- 
ward the valve mechanism 18, the valve head 40 contin- 
ues to be biased in a closed position against the valve seat 
24, now under the force of both the valve spring 44 and 
the increasing pressure in the first fluid chamber 30, while 
the resilient member 16 is partially compressed by the 
valve mechanism 18 as the valve mechanism 18 is slidably 
deflected toward the driver 34 by the increasing pressure 
in the first fluid chamber 30. As the valve mechanism 18 
continues to slide, the valve stem 42 will collide against 
the driver 34 thereby blocking continued deflection of the 
valve 22, but not the valve seat 24, as shown in FIG. 3b. 
With continued sliding of the valve seat 24, the resilient 
member 16 will be further compressed thereby releasing 
or blowing off the sealing engagement between the valve 
head 40 and the valve seat 24 to permit fluid flow from 
the first fluid chamber 30 into the second fluid chamber 
32, as shown in FIG. 3c. This blow-off condition will re- 



lieve the pressure buildup in tlie first fluid chamber 30, 
switching the suspension from substantially rigid to com- 
pliant and permitting the previously rigid suspension to 
absorb a sudden jarring impact that would otherwise pos- 
sibly cause damage to the suspension had the locked 
condition been maintained. Under the rebound stroke of 
piston 28, when the piston withdraws away from the valve 
mechanism 18, the resilient member 16 returns to its un- 
compressed state and the valve head 40 is drawn away 
from the valve seat 24 by fluid flow from the second 
chamber 32 to the first chamber 30, against the force of 
the valve spring 44. The rider may adjust the blow-off 
pressure by adjusting the position of the driver 34, and in 
turn, the size of a gap 33 between the driver 34 and the 
valve stem 42. It is further understood that the blow-off 
and return stroke characteristics may also be adjusted by 
varying the stiffness of the resilient member 16 and the 
valve spring 44. 

[0046] In another embodiment of the present invention shown in 
FIGS. 4a-4d, the lockout mechanism 12 shown in FIGS. 
1-3 is described without the use of the valve spring 44. In 
the embodiment of FIGS. 4a-4d, the valve 22 may include 
a retaining ring 43 attached to the valve stem 42 that pre- 



vents the valve from escaping the valve seat 24 as the re- 
taining ring abuts a shoulder 25 of the valve seat 24. The 
retaining ring 43 is configured to permit fluid flow across 
it in both directions. So configured, the range of motion of 
the — now floating — valve 22 will vary depending on 
whether the driver 34 is adjusted to prevent lockout 
(similar to FIG. 2b) or permit lockout to occur (similar to 
FIG. 2a). If adjusted to prevent lockout, the range of mo- 
tion of the valve 22 is limited on one side by contact be- 
tween the retaining ring 43 and the valve seat shoulder 
25, and on the other side by contact between the valve 
stem 42 and the driver 34. If the driver 34 is adjusted to 
permit lockout, the range of motion of the valve 22 is lim- 
ited on one side by contact between the retaining ring 43 
and the valve shoulder 25, and on the other side by con- 
tact between the valve head 40 and the valve seat 24. 
Looking to the FIGS. 4a-4b, a cycle of operation will de- 
scribed with the driver 34 adjusted to permit lockout. Un- 
der increasing pressure in the first fluid chamber 30 
caused by deflection of the piston 28 toward the valve 
mechanism 18, the floating valve 22 will be biased toward 
the valve seat 24, the valve head 40 engaging the valve 
seat 24 before the resilient member 16 is compressed 



(FIG. 4a). Under increasing pressure in tlie first fluid 
chamber 30, the valve 22 will continue to engage the 
valve seat 24 as the resilient member 16 is partially com- 
pressed by the deflection of valve mechanism 18 toward 
the driver 34 with contact resulting between the valve 
stem 42 and the driver 34 9 (FIG. 4b). This will prevent 
further deflection of the valve 22 but not the valve seat 
24. With continued deflection of the valve seat 24, the re- 
silient member 16 is further compressed until the sealing 
contact between the valve head 40 and the valve seat 24 
is cracked open or blown off to relieve the mounting pres- 
sure in the first fluid chamber 30 by permitting fluid flow 
from the first fluid chamber 30 into the second fluid 
chamber 32 (FIG. 4c). On the return stroke of the piston 
28, i.e. motion of the piston 28 away from the valve 
mechanism 18, the resilient member 16 returns to its un- 
compressed state, and the valve 22 is driven away from 
the valve seat 24 by the return flow of fluid from the sec- 
ond chamber 32 into the first chamber 30. 
[0047] Although the embodiments of FIGS. 1-4 describe a lock- 
out mechanism 12 capable of substantially blocking fluid 
flow between the first and second fluid chambers 30, 32, 
to achieve a substantially rigid suspension, the present 



invention is not limited to a locl<out condition. In the em- 
bodiments of FIGS. 5-6, a flow-restrictive mechanism 112 
replaces the lockout mechanism 12 of the previously de- 
scribed embodiments, the flow-restrictive mechanism 
also including a valve mechanism 118 and the valve actu- 
ating assembly 20. The valve mechanism 118 is operable 
between an open condition in which fluid flow between 
the first and second chambers 30, 32 is permitted, and a 
restrictive position in which less fluid flow is permitted 
between the first and second fluid chambers 30, 32 than 
in the open position. The reduced fluid flow of the restric- 
tive position may approach, but does not achieve the 
lockout condition. In the embodiments of FIGS. 5-6, the 
valve mechanism 118 includes the valve seat 24 and a 
valve 122 that may include an orifice 48 connecting the 
first and second fluid chambers 30, 32, as well as a valve 
head 140 and valve stem 142. The orifice 48 remains 
open during the operating sequence of the valve 122 to 
prevent a lockout condition. 
[0048] Looking to FIGS. 5a-5d, an operating sequence of the 

flow-restrictive mechanism 112 will be described. In FIG. 
5a, the valve mechanism 118 is shown in a restrictive po- 
sition, the valve 122 biased against the valve seat 24, but 



with restricted fluid flow still permissible between the first 
and second chambers 30, 32 along orifice 48. Addition- 
ally, the resilient member 16 shown fully extended. As the 
piston 28 is deflected toward the valve mechanism 118, 
the valve 122 continues to be biased against the valve 
seat 24, now under the force of both the valve spring 44 
and the increasing pressure in the first fluid chamber 30, 
while the resilient member 16 is partially compressed by 
the valve mechanism 118 as the valve mechanism 118 is 
slidably deflected toward the driver 34 by the increasing 
pressure in the first fluid chamber 30. As the valve mech- 
anism 118 continues to slide, the valve stem 142 will col- 
lide against the driver 34 thereby blocking continued de- 
flection of the valve 122, as shown in FIG. 5b. With con- 
tinued sliding of the valve mechanism 118, the resilient 
member 16 will be further compressed thereby cracking 
or releasing the sealing engagement between the valve 
head 140 and the valve seat 24 to permit fluid flow be- 
tween the valve 122 and the valve seat 24in addition to 
the existing fluid flow through the orifice 48 — from the 
first fluid chamber 30 into the second fluid chamber 32, 
as shown in FIG. 5c. This condition will relieve the pres- 
sure buildup in the first fluid chamber 30, switching the 



suspension from less compliant and if properly adjusted, 
approaching but not reaching a substantially rigid condi- 
tion — to more compliant, permitting the previously less 
compliant suspension to absorb a sudden jarring impact 
that would otherwise possibly cause damage to the sus- 
pension had the restricted condition been maintained. 
Under the rebound stroke of piston 28, when the piston 
withdraws away from the valve mechanism 118, the re- 
silient member 16 returns to its uncompressed state and 
the valve head 140 is drawn away from the valve seat 24 
by additional fluid flow from the second chamber 32 into 
the first chamber 30 against the force of the valve spring 
44. The rider may adjust the threshold pressure at which 
pressure relief occurs by adjusting the position of the 
driver 34, and in turn, the size of the gap 33 between the 
driver 34 and the valve stem 142. It is further understood 
that the pressure relief and return stroke characteristics 
may also be adjusted by varying the stiffness of the re- 
silient member 16 and the valve spring 44. 
[0049] In another embodiment of the present invention shown in 
FIGS. 6a-6d, the flow-restrictive mechanism shown in 
FIGS. 5a-5d is described without the use of the valve 
spring 44. In the embodiment of FIGS. 6a-6d, the valve 



122 may include a retaining ring 43 attached to the valve 
stem 142 that prevents the valve 122 from escaping the 
valve seat 24 as the retaining ring abuts a shoulder 25 of 
the valve seat 24. So configured, the range of motion of 
the — now floating — valve 122 will vary depending on 
whether the driver 34 is adjusted to permit or prevent 
contact between the valve head 140 and the valve seat 24 
before there is contact between the valve stem 142 and 
the driver 34 occurs. If the driver 34 is adjusted to permit 
contact between the valve head 140 and the valve seat 24 
before there is contact between the valve stem 142 and 
the driver 34 (a restrictive position because fluid flow is 
still permitted through orifice 48), the range of motion of 
the valve 122 is limited on one side by contact between 
the retaining ring 43 and the valve seat shoulder 25, and 
on the other side by contact between the valve head 140 
and the valve seat 24. If the driver 34 is adjusted to pre- 
vent contact between the valve head 140 and the valve 
seat 24 before there is contact between the valve stem 
142 and the driver 34 (a less restrictive position because 
fluid flow is permitted between the valve 122 and the 
valve seat 24, as well as through orifice 48), the range of 
motion of the valve 22 is limited on one side by contact 



between the retaining ring 43 and tlie valve seat slioulder 
25, and on the other side by contact between the valve 
stem 142 and the driver 34. 
[0050] Looking to the FIGS. 6a-6d, an operating sequence of the 
flow-restrictive mechanism 112 will be described with the 
driver 34 adjusted to permit contact between the valve 
head 140 and the valve seat 24, before there is contact 
between the valve stem 142 and the driver 34. Under in- 
creasing pressure in the first fluid chamber 30 caused by 
deflection of the piston 28 toward the valve mechanism 
18, the floating valve 122 will be biased toward the valve 
seat 24, the valve head 140 engaging the valve seat 24 
before the resilient member 16 is compressed (FIG. 6a). So 
positioned although in a restrictive position — fluid flow is 
still permitted between the first and second chambers 30, 
32 through orifice 48. Under increasing pressure in the 
first fluid chamber 30 despite the presence of open orifice 
48 — the valve 122 will continue to engage the valve seat 
24 as the resilient member 16 is partially compressed by 
the deflection of valve mechanism 118 toward the driver 
34 with contact resulting between the valve stem 142 and 
the driver 34 (FIG. 6b). This will prevent further deflection 
of the valve 122 but not the valve seat 24. With continued 



deflection of the valve seat 24, the resilient member 16 is 
further compressed until the contact between the valve 
head 140 and the valve seat 24 is cracked open to relieve 
the mounting pressure in the first fluid chamber 30 by 
permitting additional fluid flow from the first fluid cham- 
ber 30 into the second fluid chamber 32 (FIG. 6c). On the 
return stroke of the piston 28, i.e. motion of the piston 28 
away from the valve mechanism 118, the resilient member 
16 returns to its uncompressed state, and the valve 122 is 
displaced away from the valve seat 24 by the return flow 
of fluid from the second chamber 32 into the first cham- 
ber 30. 

[0051] FIG. 7 shows a further embodiment of the present inven- 
tion wherein a lockout mechanism 212 comprising a valve 
mechanism 218 and a valve actuating assembly 220 is 
disposed in a reservoir tube 50 in fluid communication 
with the piston tube 26 through a duct 52. In this embod- 
iment, a valve mechanism housing 214 comprises a por- 
tion of the reservoir tube 50. The valve actuating assem- 
bly 220 comprises a driver 234 operatively connected an 
actuator knob 237, the driver 234 displaceable relative to 
the valve mechanism housing 214 by rotation of the knob 
237. The valve mechanism 218 is slidably mounted along 



the valve mechanism housing 214, separating a first fluid 
chamber 230 from a second fluid chamber 232 and con- 
trolling fluid flow therebetween. The operation of the 
lockout mechanism 212 shown in FIG. 7 is similar to that 
of the system of FIGS. 1-3, but it will be understood that 
the reservoir tube system shown in FIG. 7 can also be 
adapted to include the lockout and flow-restrictive mech- 
anisms shown in FIGS. 4-6. 
[0052] FIG. 8 is a further embodiment of the present invention 
wherein a lockout mechanism 312 comprising a valve 
mechanism 318 and a valve actuating assembly 320 is as- 
sociated with and displaceable with a piston assembly 
328. In this embodiment, a valve mechanism housing 314 
comprises a portion of the piston assembly 328. The valve 
actuating assembly 320 comprises a driver 334 opera- 
tively connected to an actuator 337, the driver 334 dis- 
placeable relative to the valve mechanism housing 314 by 
rotation of a user-adjustable knob 337. The valve mecha- 
nism 318 is slidably mounted along the valve mechanism 
housing 314, separating a first fluid chamber 330 from a 
second fluid chamber 332 and controlling fluid flow 
therebetween. The actuator 336 further includes a cam 52 
configured to operatively engage a follower 54 on the 



driver 334. Rotation of tlie actuator 336 will rotate the 
cam 52 causing it to impart a displacement to the driver 
334 through the follower 54. The operation of the lockout 
mechanism 312 shown in FIG. 8 is similar to that of the 
system of FIGS. 1-3, but it will be understood that the 
piston assembly system 328 shown in FIG. 8 can also be 
adapted to include the lockout and flow-restrictive mech- 
anisms shown in FIGS. 4-6. 
[0053] FIGS. 9a 9b depict another embodiment of the present in- 
vention, similar to the embodiment of FIG. 8, showing in 
particular, a lockout mechanism 412, comprising a valve 
mechanism 418 and valve actuating assembly 420, 
housed in a piston assembly 428 of one leg of a front 
suspension fork. FIG. 9b shows a blow-up of detail A of 
FIG. 9a. In this embodiment, the valve actuating assembly 
420 comprises a driver 434 operatively connected to an 
actuator 436, the driver 434 displaceable relative to a 
valve mechanism housing 414 by rotation of a user- 
adjustable knob 437. The valve mechanism 418 is slidably 
mounted along the valve mechanism housing 414, sepa- 
rating a first fluid chamber 430 from a second fluid 
chamber 432 and controlling fluid flow therebetween. The 
operation of the lockout mechanism 412 shown in FIGS. 



9a-9b is similar to tliat of the system of FIGS. 1-3, but it 
will be understood that the piston assembly system shown 
in FIG. 9 can also be adapted to include the lockout and 
flow- restrictive mechanisms shown in FIGS. 4-6. 

[0054] FIG. 10 depicts another embodiment of the present inven- 
tion, similar to the embodiment of FIG. 8, showing in par- 
ticular, a resilient member 56 formed integrally with the 
seal 46. The resilient member 56 is configured to both 
deform in response to displacement of the valve seat 24 
under increasing pressure in the first fluid chamber 330, 
as well as provide a seal between the valve seat 24 and 
the valve mechanism housing 314. 

[0055] FIGS. 11a lib depict yet another embodiment of the 

present invention, similar to the embodiment of FIGS. 1-3, 
showing in particular, a resilient valve seat 58 formed in- 
tegrally with the resilient member 16 and the seal 46 of 
the embodiment of FIGS 1-3. The resilient valve seat 58 is 
configured to both deform in response to increasing pres- 
sure in the first fluid chamber 30, as well as provide a seal 
between the valve 22 and the valve mechanism housing 
14. FIG. 11a shows the system in an operating position 
comparable to FIG. 3a, with the valve 22 seated against 
the valve seat 58 to prevent fluid flow between the first 



and second fluid chambers 30, 32. FIG. lib shows the 
system in a blow-off position comparable to FIG. 3c, with 
the resilient valve seat 58 deflecting to permit fluid flow 
between the first and second fluid chambers 30, 32 after 
the valve 22 collides with the driver 34. 
[0056] FIGS. 12-18 illustrate a front suspension system in accor- 
dance with another embodiment of the present invention. 
The suspension system depicted is a bicycle front suspen- 
sion fork 510 having a crown 512 that is connected to a 
steerer tube 514, a first leg 516 that may contain a bias- 
ing mechanism or spring assembly, and a second leg 518 
that contains a damping mechanism 520. Each of the legs 
516, 518 include an upper tube 522 and a lower tube 
524. Although the upper tubes 522 are shown as inner 
tubes slidable within the lower outer tubes 524, it will be 
appreciated that the lower tubes may alternatively be re- 
configured as inner tubes slidable within reconfigured 
outer tubes. Additionally, although the tubes 522, 524 are 
shown to have substantially circular cross sections, it is 
understood that they may assume any cross-sectional 
shape. The inner and outer tubes 522, 524 are connected 
at their remote ends 526, 528 to the crown 512, and a 
wheel axle (not shown) through a dropouts 530, respec- 



lively. 

[0057] In FIG. 13, the damping mechanism 520 includes a com- 
pression piston assembly 532 that slides within the inner 
tube 522 during compression and expansion of the sus- 
pension and orifices 554 through which fluid is forced to 
dampen or slow down the speed of the fork 510 in re- 
sponse to an applied load. Piston assembly 532 includes a 
piston 534 that is attached at a lower end 536 to a piston 
rod 538. Rod 538 extends through a bottom portion of 
the inner tube 522 and has a bottom end 540 that is non- 
rotatably mounted to the outer tube 524 by a screw 542. 
Inner tube 522 is restricted from pulling out of the lower 
tube 524, when the fork 510 is fully extended, by an end 
cap 539 attached to piston rod 538. 

[0058] The suspension fork 510 includes a lock mechanism 543 
for switching the fork 510 between being a substantially 
rigid fork and a substantially compressible fork. The lock 
mechanism 543 includes a valve mechanism 544 and a 
valve actuating assembly 545. The valve mechanism 544 
is located in a valve mechanism housing or the inner tube 
522 and divides the inner tube 522 into first and second 
fluid chambers 546, 548. The valve mechanism 544 in- 
cludes a valve 556 and a valve seat 550 slidably mounted 



in the inner tube 522. Tlie orifices 554 extend tlirougli 
the valve seat 550 to allow fluid to flow between the first 
and second chambers 546, 548. The valve 556 includes a 
valve stem 558 that extends through the valve seat 550 
into the second fluid chamber 548. The valve 556 is bi- 
ased toward a closed position by a valve spring 560. An 
0-ring 552 surrounds the valve seat 550 to provide a seal 
between the valve seat 550 and the inner tube 522 to pre- 
vent fluids from passing between the first and second 
fluid chambers 546, 548 along the inner tube 522 wall. 
[0059] The valve 556 is operable between an open position which 
opens the orifices 554 allowing fluid to flow between the 
chambers 546, 548 (see FIG. 14), and the closed position 
which closes the orifices 554 preventing fluid flow be- 
tween the chambers 546, 548 (see FIG. 15). Under com- 
pression, fluid flows through the orifices 554 in a first di- 
rection from the first fluid chamber 546 to the second 
fluid chamber 548. Under expansion, fluid returns 
through the same orifices 554 to the first fluid chamber 
546. 

[0060] The valve actuating assembly 545 operates the valve 556 
between open and closed positions and generally includes 
an actuator 564 and a driver 566. The actuator 564 may 



include a knob 568 that extends beyond an outer end 572 
of the inner tube 522. A top cap 570 is rigidly connected 
to the inner tube 522 and has a seal 571 that prevents the 
fluids from escaping through the outer end 572 of inner 
tube 522. The top cap 570 has a cavity 576 for receiving a 
cam 578 that is rotationally fixed to the knob 568 and ro- 
tates about an axis 579 with the knob 568, but is axially 
constrained by the setscrew 590 and the inner surface of 
the top cap 570. The cam 578 is operatively connected to 
the driver 566 through a pin 582 extending from the 
driver 566 such that as the knob 568 is turned the cam 
578 rotates and contacts the pin 582 of the driver 566. 
The rotation of the cam 578 drives the driver 566 up and 
down depending on the direction of rotation to engage or 
disengage the valve stem 558. The driver 566 is free to 
move along the axis 579 but is held rotationally fixed by a 
slot 584 in the top cap 570. The cam 578 can only be ro- 
tated a certain amount before it drives the pin 582 of the 
driver 566 into a vertical stop 586 at each end of the cam 
578. 

[0061] A return spring 588 biases the driver 566 upward into the 
cam 578. The setscrew 590 limits the amount the driver 
566 may extend into the cam 578. The amount that the 



driver 566 extends into tlie cam 578 may be adjusted by 
adjusting the setscrew 590 further in or out of the cam 
578. So configured, as the cam 578 is rotated, the driver 
566 rises under the force of the return spring 588 and 
follows the surface of the cam 578 until it hits the 
setscrew 590. The setscrew 590 limits the return stroke of 
the rod 566 regardless of how much the cam 578 is ro- 
tated. 

[0062] As shown in FIG. 14, the lock mechanism 562 includes a 
blow-off mechanism 592 that is provided to allow the fork 
510 to blow-off or slightly compress under high com- 
pression forces when the lockout mechanism 562 is on. 
The blow-off mechanism 592 may include a resilient 
member or spring tube 594 located between the top cap 
570 and the valve seat 550. At one end 599 of the spring 
tube 594 is a counterbore 600 that limits the engagement 
between the top cap 570 and the spring tube 594. End 

601 of the spring tube 594 is connected to the valve seat 
550. The spring tube 594 has a hole 602 extending 
through its center for receiving the driver 566. The hole 

602 acts as a guide for the driver 566 while it displaces 
along the axis. 

[0063] So configured, when a large compressive force is applied 



to the suspension, with the locl<out mechanism 562 on, 
the piston 534 forces the fluid against the valve 556 and 
valve seat 550. Referring to FIG. 16, as the pressure of the 
fluid against the valve seat 550 increases, the valve seat 
550 starts to displace axially causing the spring tube 594 
to compress. As the compressive force applied to the fork 
510 increases, the valve seat 550 will slide toward the 
driver 566 until the valve stem 558 collides or engages 
the driver 566. The valve 556 is now restricted from mov- 
ing further upward by the driver 566. If the compressive 
force is strong enough, the valve seat 550 will continue to 
move away from the valve 556, resulting in the valve 556 
being cracked open, permitting fluid to flow through ori- 
fices 554 in the valve seat 550. The cracking open of the 
valve 556 at high pressures is called "blow-off." This lim- 
its the maximum force on the spring tube 594 and other 
parts of the assembly. During the return stroke, the com- 
pression piston assembly 532 reverses direction and any 
fluid which passed through the orifices 554 during blow- 
off, easily returns through the orifices 554, piston assem- 
bly 532 creating a vacuum drawing the valve 556 away 
from valve seat 550 against the force of valve spring 560. 
[0064] A gap between the valve stem 558 and the driver 566, and 



the spring rate of the spring tube 594 determines the 
pressure at which the valve 556 blows off (see FIG. 15). 
For example, if the valve spring rate was 50 pounds/in 
and the spring tube 594 was 100 pounds/in, and the dis- 
tance between the driver 566 and the valve stem 558 is 
0.5 inches, then the spring rate of the fork 510 in locked 
out mode is 50 pounds/in + 100 pounds/in = 150 
pounds/in. And the force at which the locked out fork 510 
blows off is (0.5 in) (50 pounds/in + 100 pounds/in) = 75 
pounds. 

[0065] The length of the gap between the valve stem 558 and the 
driver 566 is determined by either selecting a particular 
position of the cam 578 or adjusting the setscrew 590. 
The driver 566 is biased away from the valve stem 558 
and into the cam 578 by the return spring 588. How far 
the driver 566 extends into the cam 578 is determined by 
the cam surface. FIG. 17 shows a maximum distance the 
driver 566 may extend into the cam 578. The cam 578 
may have a contoured surface where the driver 566 en- 
gages the cam 578, providing various gaps between the 
driver 566 from the valve stem 558. This results in differ- 
ent "blow-off forces for each position. 

[0066] FIG. 18 illustrates how the gap between the driver 566 



and the valve stem 558 may be adjusted by the setscrew 
590. The setscrew 590, located in the cam 578, restricts 
the upward movement of the driver 566 into the cam 578 
when the lockout mechanism 562 is on. When the lockout 
mechanism 562 is off, the driver 566 is held down by the 
cam 578, but when the cam 578 is rotated to turn on the 
lockout mechanism 562, the driver pin 582 comes off the 
cam surface and rides on the setscrew 590. So configured, 
the rider can operate the lockout mechanism 562 between 
the on and off positions without adjusting the blow-off 
force. The blow-off mechanism 592 may be adjustable 
through a separate knob or the setscrew 590. 
[0067] In operation, the lockout mechanism 562 is turned off 
when the rider wants the fork 510 to absorb an applied 
load. The rider rotates the knob 568 to an "off position. 
As the knob 568 is rotated, the cam 578 is rotated in a 
first direction, which drives the driver 566 toward the 
valve stem 558. Eventually, the driver 566 engages the 
valve stem 558 and moves the valve 556 to an open posi- 
tion. When the valve 556 is open, the fluid is free to flow 
between the first and second fluid chambers 546, 548 
through all the orifices 554 when the compression piston 
534 is compressed during a load. The fluid may also re- 



turn to the first chamber 546 through all the orifices 554 
when the suspension returns to its expanded position. 
[0068] When the rider wants the fork 510 to be rigid, the lockout 
mechanism 562 is turned on. The knob 568 is turned to 
the "on" position and the cam 578 is rotated in a second 
direction opposite the first direction. As the cam 578 ro- 
tates in second direction, the return spring 588 pushes 
the driver 566 up and away from the valve stem 558. 
When the valve 556 is closed, the fluid is prevented from 
flowing between the first and second fluid chambers 546, 
548. If the fluid cannot flow then the compression piston 
534 cannot move and the shock is essentially locked out. 
The knob 568 may be rotated to a desired setting by the 
rider while the bicycle is stationary or in motion permit- 
ting quick adjustments "on the fly. "When a high com- 
pression force is applied to the fork 510 during the lock- 
out mode, the spring tube 594 will compress, and valve 
seat 550 and valve 556 will displace away from piston 534 
until the valve stem 558 engages the adjustment rod 566. 
If the compressive force is strong enough, the spring tube 
594 and the valve seat 550 will continue to compress lift- 
ing valve 556 off valve seat 550 and allowing fluid to flow 
into the second fluid chamber 548 through all the orifices 



554. By cracking open the valve 556, the maximum force 
on the spring tube 594 and other parts of the assembly is 
limited. 

[0069] In another embodiment shown in FIGS. 19-23, a lockout 
mechanism 700 includes a valve actuating assembly 710 
that has an driver 712 that is rotated rather than axially 
displaced to open and close a valve mechanism 714. The 
driver 712 has a first end 716 rotatably connected to a 
knob 718 located at the end 719 of the inner tube 721 
and a second end 720 rotatably connected to the valve 
mechanism 714. The valve mechanism 714 includes a 
valve 726 and a valve seat 722 that is slidably mounted in 
the valve mechanism housing or the inner tube 721 and 
divides the inner tube 721 into first and second fluid 
chambers 723, 725. Orifices 724 extend through the valve 
seat 722 to allow fluid flow between the chambers 723, 
725. The valve 726 is operable between an open position, 
which opens the orifices 724 allowing fluid to flow be- 
tween the chambers 723, 725 and a closed position, 
which closes the orifices 724 preventing fluid flow be- 
tween the chambers 723, 725. The valve 726 is biased to- 
ward the closed position by a valve spring 729. An 0-ring 
728 surrounds the valve seat 722 to provide a seal be- 



tween the first and second fluid cliambers 723, 725. Tlie 
valve 726 includes a valve stem 727 that extends through 
the valve seat 722 into the second fluid chamber 725. An 
end 736 of the valve stem 727 is received in a slot 738 of 
the driver 712 such that the end 736 is slidable within the 
slot 738 and upon rotation of the driver 712 the valve 726 
rotates to open or close the orifices 724 depending on the 
direction of rotation. 
[0070] When the lockout mechanism 700 is turned off, the driver 
712 may be rotated until only one orifice 724 is partially 
opened to provide damping during the compression 
stroke, see FIGS. 20 and 21. However, during the return 
stroke the valve 726 is pushed downward, resulting in all 
the orifices 724 being opened to allow the fluid to return 
to the first chamber 723, see FIG. 22. The lockout mecha- 
nism 700 of this embodiment also includes a blow-off 
mechanism 730 similarly to one shown in FIGS 12-18. The 
blow-off mechanism 730 includes a spring tube 732 lo- 
cated between a top cap 734 and the valve seat 722 such 
that when a large compressive force is applied to the 
lockout fork, the piston forces the fluid against the valve 
726 and valve seat 722. As the fluid pressure against the 
valve seat 722 increases, the valve seat 722, the valve 726 



and the valve stem 727 start to displace axially causing 
the spring tube 732 to compress. As the compressive 
forces increase, the valve seat 722, the valve 726 and the 
valve stem 727 will slide toward the driver 712 until a lip 
740 of the valve stem 727 collides with the driver 712, 
see FIG. 23. If the compressive force is strong enough, the 
valve seat 722 will continue to move away from the valve 
726, resulting in the valve 726 being cracked open, per- 
mitting fluid to flow through all the orifices 724 in the 
valve seat 722. During the return stroke, the compression 
piston assembly reverses directions and any fluid, which 
passed through the valve seat 722 during blow-off, easily 
returns through all the orifices 724 of the valve seat 722. 
A length X of a gap 742 between the lip 740 of the valve 
stem 727 and the driver 712, and the spring rate of the 
spring tube 732 determines the pressure at which the 
valve 726 blows off (see FIGS. 21 and 22). 
[0071] While this invention has been described by reference to a 
preferred embodiment, it should be understood that nu- 
merous changes could be made within the spirit and 
scope of the inventive concepts described. For example, 
the bicycle suspension has been depicted as a suspension 
fork but it can take the form of a rear shock, a seat post. 



or any other type of suspension positioned along the bi- 
cycle frame. Accordingly, it is intended that the invention 
not be limited to the disclosed embodiment, but that it 
have the full scope permitted by the language of the fol- 
lowing claims. 



